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MO HINH HYDIST VA PHUONG PHAP XU LY NONG bQ
PHU SA TAI BIEN LONG POI VOI BAI TOAN HAI CHIEU

Nguyén Thi Bay'!, Tran Thi Kim?, Huynh Cong Hoai', Pham Anh Tai!,
Nguyén Pam Quéc Huy?, Nguyén Ky Phiing?

Tém tit: Bai bdo trinh bay mét phirong phdp xit Iy nong dg phii sa trén bién long khi dong chay
tir mién tinh chay ra bién trong mé hinh dong chady hai chiéu két hop dong nhat, xen ké gitta tinh todn
thity liee va chuyén tai phit sa - xit 1y bang phirong phép dwong dic trung. Toan bg mé hinh dwoc
tich hop trong phan mém HYDIST, va tinh dp dung cho doan song Tién, thi tran Tan Chdu, tinh An
Giang. Két qua dd phdan anh dwoc tinh hiéu qua ciia phwong phdp, cdc két qud thu dwge vé lan
truyén phii sa tir thuwong luu séng Tién thi tran Tan Chdu da dwoc truyén ra khéi mién tinh & ha luu,
ma khong ton dong lai trong mién, mdc dau mién tinh dwoc giéi han, nhung véi phirong phdp xir Iy
nay, phii sa trong mién tinh dwoc trao doi tot véi mién ngodi va chay ra ngai mién tinh, ma khéng
nhdt thiét phai kéo dai mién tinh. Cdc két qua cho thdy tinh kha thi ciia viéc xit Iy bién bang phwong
phdp duong déc trung trong dp dung tinh todn lan truyén chdt trong séng, ddc biét khi doan tinh
twong doi gidi han.

Tix khoa: M6 hinh chuyén tai phii sa 2D, Xir Iy bién, Phwong phdp dwong ddc trung, Thiy lic.

Ban Bién tap nhan bai: 12/6/2019  Ngay phan bién xong: 24/7/2019 Ngay dang bai: 25/08/2019

1. Giéi thi¢u

Hién nay, hau hét cac nghién ctru vé dong
chay két hop v6i chuyén tai chat noi chung, va
pht sa, dién bién long din noéi riéng bang mod
hinh toan dugc phat trién theo ba hudng:

(i) Ap dung phan mém di xay dung sin va
dugc thuong mai hoéa. Co thé ké dén bo phﬁn
mém MIKE, duoc xay dung boi vién DHI, Pan
Mach. B phan mém niy bao gdm nhiéu mod-
ule, dugc sir dung rat phé bién ¢ Viét Nam trong
nghién ctru tinh todn dong lyc hoc dong chay.
Bén canh d6 bo phan mém CCHE 2, 3D do Pai
hoc Cong Nghé Mississippi bién soan cling dugc
mg dung mé phong qua trinh truyén thuy luc,
chuyén dong bun cat lo limg, bun cat day va dién
bién long dan. Ngoai ra con nhiéu bd phﬁn mém
khac da dugc thuwong mai hoéa, tuy nhién gia
thanh kha dat do.

'Pai hoc Bach Khoa TP. Hé Chi Minh

’Dai hoc Tai Nguyén Moi truong TP. HCM
3Vien Khoa hoc Cong nghé tinh toan tp. HCM
Email: ntbhay@hcmut.edu.vn,
kyphungng@gmail.com

(ii) Hudng thtr hai 1a hudéng st dung phan
mém mi ngudn ma, co thé duge tai mién phi tir
mang nhu Telemac (1a bd chuong trinh viét trén
ngon nglt Fortran dugc bién soan boi tap doan
Dién luc Phap), tuy bo chuong trinh nay khong
can ban quyén nhung do chua c6 phan giao dién,
viéc khai thac va sir dung kha phure tap, nén hién
nay ciing chua duoc phd bién rong rai, ma chi
thong qua mot s6 chuyén gia, t6 chitc mo nhirng
khoa tap hudn phin mém. B6 phan mém DELFT
2, 3D duoc san xuat boi Deltares - Ha Lan ¢6 thé
mo phong 2, 3D cho dong chay, van chuyén tram
tich, hinh thai hoc,...dugc du nhap vao Viét
Nam nhitng ndm gin ddy, tuy nhién ciing chua
duogc phd bién rong rai.

(iii) Hudng tiép can tha ba 1a nhimg mé hinh
tinh thuy lyc va hinh thai song tu xay dung trong
nude, nhimg nim gan day c6 thé ké dén mé hinh
HydroGIS cua PGS.TS. Nguyén Hitu Nhéan co
tich hop cong cu GIS, demo két qua va giao dién
kha tot. MK4 ctia PGS. TS. Lé Song Giang véi
phan giao dién kh4 tt va hién nay van dang phat
trién nén van chua duoc phd bién rong rai. Mo
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hinh HYDIST do tac gia tu xay dung tir nhiing
nam 2004, va dén nay dang dan hoan thién. M6
hinh ¢6 thé tinh duoc dong chay 2D tich hop ca
song gio, va két hop thuan nhét, xen k& voi
chuyén tai phu sa va dién bién ddy. Ban dau,
trong mo hinh tai bién nudc chdy ra dugc ap
dung %2= 0.(C 14 ndng do6 phu sa, s 1a phuong x
hodc y). Tuy nhién két qua khi &p dung dicu kién
nay chi ra rang phu sa khong dugc trao ddi véi
bén ngoai vung tinh, va chi thich hop dé giai
nhirng bai toan voi mién tinh kha 16n, dé diéu
kién bién khong anh huong nhiéu dén két qua
ving tinh. Con d6i véi nhimng viing tinh gidi han,
thi diéu kién nay boc 16 nhuoc diém. Vi muc
tiéu phat trién tiép mo hinh HYDIST, tac gia da
phat trién mot phuong phap xtr 1y bién bang
phuong phap duong déc trung.

2. Phwong phap nghién ctru va thu thap tai
liéu

2.1. Gigi thiéu vé khu vwe nghién citu
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Hinh 1. Vi tri doan séng Tién qua thi tran Tdn
Chau (a) va dia hinh doan song tinh toan (b)
Véi cde dwong dong mire dg sdu

Poan song Tién chay qua thi trdn Tan chau
nam ¢ thugng ngudn séng Tién cua Pong bang
song Cuu Long. Trén Hinh 1 gidi thi¢u vi tri
doan song tinh toan (Hinh 1a) cung d¢ sau cua
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doan song do dac nam 1999 (Hinh 1b). Trén
Hinh 3b ciing bidu dién mat cit qua tram thay
van Qudc gia Tan Chau. Ché d6 thuy lyc khu
vuc Tan Chau thudc ché do chiu anh huong cua
1d tir thugng ngudn song Mekong dd vé, dong
chay quanh nam hau hét theo huéng tir thuong
luu d6 vé huéng bién (sé thoi gian dong do
nguoc vé thuong luu rat it, ddc biét v& mua 1d,
dong chay chi theo mot hudng chay vé ha luu.
Trén Hinh 2, duong dut nét biéu dién luu lugng
do dac theo gio tai tram Tan Chau vao mua 1a
nam 1999 [7]. Day ciing 1a co sd dé tac gia chon
doan song nay dé tinh toan ap dung mé hinh HY-
DIST d st Iy bién phu sa & ha luu bang phuong
phap duong dac trung.

2.2. Co s¢ Iy thuyét ciia moé hinh

Mo hinh duoc thiét 1ap dua trén 1oi giai cua
hé phuong trinh chuyén dong Reynolds [10], két
hop voi phuong trinh chuyén tai hai chiéu nhu
sau:

H¢ phuong trinh Reynolds:

2 2
LI SR S SR LA A 1
ot o0x Oy ox h+g (1)
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Trong d6 u, v 1a thanh phan van téc trung
binh theo do sau cua hai phuong x va 'y (m/s); 1a
cao d6 muc nude so v4i chuan “0” (m); h 1a do
sau (m).

Chuan “0” duogc chon tai mat thoang yén
lang, truc huéng 1én; K 13 hé s6 ma sat day; A
1a hé s6 nhét réi phuong ngang (m¥s); g 1a gia
toc trong truong (m/s?).

Phuong trinh chuyén tai:

6C+Yu6C oC oCY\ 190 HK
Hoy
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ot ox oy ) Hox 0x
Trong d6 C 1a nong d6 phu sa trung binh theo
chiéu siu (kg/m®); K, Ky 1an lugt 13 hé s phan
tan phu sa theo phuong phuong x, y tinh trung
binh theo chiu sau (m%s); H 1a do sau tir mat
thoang xudng day (H=h+S) (m); y 1 hé s6 phan
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bd van tde theo chidu sau; S 1a ham nguén, mo ta
su bdc 1én hay ling xudng cua hat (kg/(mZ.s)).
Ham sb ngudn s& dugc tinh ty dong trong
chuong trinh dya vao nhitng cong thtc thuc
nghiém cua Van Rijn (1993) [8-9].
S 1a ham s6 xoi:

s=MTTTe T, > T, ®)
ps T
S 1a ham sd boi:
S=-0.C, ¢~  Khi 1,<T, (6)
Ty
Va ham s ngudn bang 0:
S=0 Khi 1,271,271, 7

Véi o, 1a toc do ling dong hat (m/s); M 1a
kha nang béc hat 1én cua ving tinh (kg/m%/s);
T, 12 ng suét tiép day (N/m?)

7, = pf, Ui ®)
8
;o 8an’ 9)
w H1/3

Trong d6 Uy 1a vén tdc day (m/s); P 1a khoi
luong riéng cua nude, (kg/m?); Cy 1a ndng do phu
sa day (kg/m?); fw 1a hé sb ma sat dat day, duoc
tinh theo Chezy (cong thirc (9)); n 1a hé s6 nham;
T. ,Tq lan luot 1a ung suét toi han x06i va boi
(N/m?).

Céc phuong trinh trén dugc giai bang phuong
phap sai phan hitu han, so dd sai phan 4n luan
huong ADI (Alternating Direction Implicit
Method dugc dé xuat boi Peaceman, Rachfor)
[1], lu6i cua so dd duge trinh bay trong Hinh 2.

Chii thich

Vin the u

I Vin the v
Myre murdre C,

+  PhitsaC

O Disiuh

Hinh 2. Lu6i sai phan theo so dé ADI

Trong d6 cac thanh phan u, v, S dugc bd tri
dic biét, cu thé 1a myc nudec va néng do phu sa
C duoc dat ¢ tam cua 0 ludi (i, j), trong khi van
tde u duoc dat & vi tri (i+1/2,j) va van tde v dat
ovitri (i, j+1/2) (véii,j=1,2,3 ...). Chiéu rong
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ciia mot 6 ludi 1an luot 1a Ax va Ay. Ludi dugce
danh s6 bang chi sb i (d6i véi  phuong x) tir 1
dén N va j (d6i v6i phuong y) tir 1 dén M [6].

2.3. Diéu kién ban diu va diéu kign bién
ciia mé hinh

2.3.1. Piéu kién ban dau

Trong mo hinh, néu bat dau tinh tir to = 0, thi
bai toan thay luc duoc gén trang thai tinh toan
mién, con bai toan chuyén tai phu sa duoc gin
bang mot ndng d6 nén hing s6 ban dau. Trong
truong hop bai toan dugc tinh tiép tir mot thoi
diém t = t1 ndo do, thi diéu kién ban dau s& la
cac truong van toe u,v(x,y) va nong do C(x,y) tai
thoi diém ti trén toan mién tinh toan.

2.3.2. Diéu kién bién

Bién long:

- B6i v6i bai toan thay luc:

t+AL

L'

Ox
Hinh 3. Quy dao ciia hat vit chat (di chuyén tir
I6p thoi diém t dén t+A ¢

Bién thuong ngudn dong chay 1a chudi dir
liéu Iuu lwong d6 vé mién tinh theo thoi gian
Q(t), con bién ha luu dong chay s€ cho dudi dang
dao dong muc nudc S (t).

- DPbi véi bai toan chuyén tai phu sa:

Khi dong chay hudng tir ngoai vao mién tinh
(thuong luu), ndng do phu sa & bién s& dugc gan
bang ndng do cho trude C(t), thuong dugc ndi
suy tu day cac gia tri do dac dugc hodc tinh
twong quan theo thoi gian.

Riéng ddi vai bién 1ong ha luu dong chay, khi
ma dong chay tur mién tinh hudng ra thi sir dung
diéu kiénZTE= 0, vdi S 1a phuong cua quy dao ma
hat vat chat duoc tmyén di. Khi do, néng do tai
bién dugc tinh thong qua qua trinh tai, qua trinh
khuéch tan dugc bo qua tai bude tinh nay. Nong
dd phu sa tai bién sé€ 1a nghiém cua phuong trinh
truyén tai, dugc giai theo phwong phap dudng
dac trung, dugc trinh bay k¥ trong muc 2.4.

Bién cung duwong bo:
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Ap dung diéu kién bién khong thim ddi véi
bai toan thily lyc voi thanh phan van tc vudng
goc b un = 0 va ap dung diéu kién phan xa toan
phan dbi véi bE‘li‘ toan chuyén tai phu sa: 2s =‘0-

2.4. Xurly nong do phu sa tai bién long bang
phwong phap dwong ddc trung

Nhu da trinh bay ¢ trén, khi dong chay tu
mién tinh chay ra bién 1ong, phu sa tai cac 6 tinh
trude d6 trong mién anh hudng toan bo 1én bién,
dac biét 1a trong mua 1{, khi ma van tde dong
chay qua bién kha 16n, Iic nay chudi dir liéu bién
C(t) cho trudc tai bién trd nén khong hi¢u qua
khi st dung né lam diéu kién bién tinh toan cho
bai toan chuyén tai phu sa. Liic nay viéc bo qua
qua trinh khuéch tén’ lai tré nén hiru hzig:u hon.
Theo do6, nguoi ta chap nhan tai bién: —=0

Bai toan chuyén tai duoc giai luan hudng theo
so d0 ADI (di trinh bay & trén) lan lugt theo
phuong x, sau d6 1a phuong y. Trén mdi phuong,
nong do trén bién s& duoc giai tir phuong trinh
truyén tai [2]:

oC U oC S

54— 8(x,y):ﬁ (10)

Hinh 3 mo ta vét di cia hat vat chat tir A (16p
thoi diém trude) dén vi tri trén bién long B (16p
thoi diém sau).

Trong qua trinh tai thuan tlly, xem nhu hat vat
chat duoc chat 1ong mang di v6i van toc khong
dbi trong khoang thoi gianAt, nong do tai bién
B sé b'fmg mot ham sb tinh theo néng do tai A:

(11

bé xac dinh n(‘Sng do tai diém B trén bién, chi
can di nguoc thoi gian theo quy dao vé diém A,
tai day ta da biét nf)ng do (néng do tai A duoc
biét trude hodc duoc ndi suy tu néng d0 tai cac
nut lan cén): Qua trinh vira mo ta chinh la co s&
1y thuyét cta phuong phap duong dic trung:

C(B,t+At)=f(C(A, 1))

Trong phuong trinh (10), thay: U= (TX
Ta co: t
oCc_oCdx _ S (12)
ot oxdt H
hay:
ac_s (13)
dt H
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Loi giai caa phuong trinh (13) véi cac diéu
kién vé néng d0 tai A va B nhu sau:

S 14
Cp=Cy+ At (14)

Trudng hop néu xem nhu trong khoan thoi
gian d, su bdc én hay 1éng dong hat vat chét tai
lan c4n bién 1a khong dang ké (S=0), ta co :

Cs=Ca (15)

Trong mo hinh HYDIST, diéu kién (15) dugc
ap dung dé xac dinh nong d6 phu sa tai bién 1ong
(Cs) dya vao ndng d¢ tai chan duong dic trung
Ca khi dong chay hudng tir mién tinh ra.

Trinh tu tinh:

+ Budc 1: Trong khoan thoi gian At, chdp
nhan van téc 1a hé“mg sb, cu thé trong mo hinh
tinh bang trung binh cong vén tdc giita hai 16p
thoi gian n va n+1, tir 46 xac dinh nguoc lai vi tri
diém A tai chan duong dic trung.

+ Budc 2: Noi suy gia tri néng do tai chan
duong dac trung (tai A) theo cac gia tri da biét tai
céc nut.

+ Budce 3: Tinh gid tri tai B & 16p thoi gian
nt+1: Cg =Ca

Céc bai toan kiém dinh mo hinh HYDIST vé
tinh toan thuy luc va truyén tai phu sa da duoc
thuc hién va trinh bay trong cac bai bao dang
trong [4-5]. Sau day chiing toi xin gidi thigu cac
két qua tmg dung tinh toan dong chay va chuyén
tai phu sa cho doan song Tién chay qua thi trin
Tan Chau.

3. Cac thong sb ap dung trong md hinh va
hi¢u chinh kiém dinh mé hinh

3.1. Cdc thong sé ddu vao ciia mé hinh

Nhu da trinh bay trong muc 2.1, doan song
Tién qua thi tran Tan Chau duoc chon dé ap
dung tinh mo hinh.

Ludi tinh ctia doan song 1a ludi vuong goc co
kich thudc: 464x324 phan tir, bao gdm ca phan
dat lién 1an long séng, Ax =Ay = 10m; budc thoi
gian tinh At = 2s.

Bién long trén ctia mién tinh: dudi dang chudi
luu lugng va ndng do phu sa Q(t), C(t) cuia mua
1d 1999, tir dau mua 1 10/5/1999 dén hét thang
12/1999 .

Bién long dudi cua mién tinh: 1a dao dong
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muc nudc theo thoi gian tuong tng, dugc cho tir
s6 liéu do dac tram Tan Chau doi xuéng dudi tré
hon 1 gio.

Chuong trinh tinh toan dugc viét trén ngon
ngit VB6, dé tiét kiém thoi gian tinh, trong mod-
ule tinh todn, khi quét theo phuong x hodc y, co
mot chuong trinh con nhén dang ty dong bién
b, dé giéi han bién dau va bién cudi tinh toan,
va chi tinh toan dén nhitng 6 trong 10ng song.
Trong chuong trinh, dé tong quét cho truong hop
nuée chdy nguge 1én, van nhap chudi phu sa C(t)
cho san tai bién dudi. Tuy nhién khi tinh todn
truc tiép cho doan song Tién (Tan Chau), dong
chi chay theo chiéu tir thwong luu t6i ha luu, nén
chuong trinh tw dong xir Iy lai bién dudi bang
phuong phép duong dac trung nhu da trinh bay
& trén (muc 2.4), ma khong sir dung chudi dir
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liéu phu sa bién cho san.

3.2. Hiéu chinh va kiém dinh mé hinh

Thong sb hiéu chinh trong mé hinh 14 hé sé
nham. Hé s6 nham trong ving tinh dwgc hiéu
chinh thay d6i ty 1& nghich véi d6 sau 1ong dan,
va dao dong trong khoang tir 0,005 dén 0,06
tuong ung voi d6 sau cua long song thay doi tir
41m dén 0,1m.

Khi tinh toan, luu lugng dugc trich Xuét phuc
vu kiém dinh va hiéu chinh tai vi tri tram Tan
Chau dé dam bao ché d6 thuy luc.

Két qua tinh luu lwong cho mua 1i 1999 tir
mod hinh tai tram Tan Chau so véi két qua thuc
do kha chinh xac (trén Hinh 4, dudng lién nét 1a
két qua tinh toan, dudng dut nét 1a két qua do
dac tir ngy 5/7/1999 dén cudi thang 12/1999).

SO SANH GIJ'A LU'U LUO'NG PO DAC VA TINH TOAN NAM 2019 TAI TRAM TAN CHAU
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Hinh 6. Két qua tinh todn trieong vén toc trén doan séng Tién (Tan Chdu) hic dinh lii hic Oh
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Hinh 7. Lan truyén phii sa trén doan séng Tién (Tan Chdu) két
qud tinh todn bdt dau tinh tir liic 10 gio ngay 10/5/1999
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Trén Hinh 5 trinh bay phan bb hé s nham
trong mién tinh sau hiéu chinh, véi mau nén thay
ddi tir nhat nhat (n=0,005) tai tam cua hé sau,
dén dam nhat (n=0,06) tai vung sat bo.

4. Théo luin vé truwong van toc két qua lan
truyén phi sa trong mién tinh

Truong van tdc trén doan séng ap dung tinh
ltc dinh 11 (ngay Oh ngay 6/10/1999) dugc trinh
bay trong Hinh 6. Ddi chiéu v6i do sau ctia mién
tinh (hinh 3), vi tri ngay tai mat cit qua tram thuy
van Tan Chau), van tc 16n nhat gan tring véi
véach trén ctia hd su, dat gia tri lén dén 3,18 m/s
(thé hién bang ving véc to sim mau nhat). Hinh
anh trudong van toc thé hién rd dong chay qua
ving khuyu tay gap khiic TAn Chau bam sat vach
trén ciia ho.

Dé phan tich danh gia su lan truyén phu sa tir
thuong luu vao mién tinh va ra khoi mién tinh ¢
phia ha luwu, cac két qua vé lan truyén phu sa theo
thoi gian dwoc xuat twong Gng véi ting thoi
diém sau lic bat dau tinh lan truyén, va vé thanh
nhitng hinh anh cac dudng ddng mirc c6 t6 mau
theo do 16n gia tri phu sa (Hinh 7a-7j) lan luot
cach nhau 1g tr ngay tinh ddu tién (10h ngay
10/5/1999). Trén hinh 7a thé hién phan b phu sa
sau 30 phut dau tién tinh toan lan truyén (ltc
10h30”), ltc nay chung ta thiy phu sa chi méi
bat dau truyén vo viing tinh va dat gia tri 1on nhat
& dau vao cua lach siu (dat toi 16n hon 0,008
kg/m?®). Sau d6 phu sa tiép tuc truyén sau vo
trong mién tinh, dén 11h30° va tiép theo la
12h30’ (Hinh 7b-7c¢), ta thiy phu sa da lan truyén
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v6 dén phan nira ciia mién tinh. Cac két qua va
dang cac duong dong murc phu sa trén hinh 7d-
7f chi ra rd pht sa da truyén dén tan bién dudi va
di chuyén ra khoi ving tinh sau d6 (hinh 7g-7j)
v6i ndng d6 phu sa dat 1én dén hon 0,007 kg/m®
tai khu vuc bién ha luu. Nhin vao dang céc
dudng ddng mirc phan bd phu sa trong mién tinh,
cling nhan thdy dwgc phu sa dugc theo dong
chay ra khoi mién tinh. Cac két qua nay noi 1én
duogc tinh vu viét cua viéc xac dinh bién phu sa
dudi bang phuong phap dudng dic trung nhu da
trinh bay trong myc 2.2, mic diu mién tinh duoc
gi61 han trong pham vi kha nho (so voi toan bd
hé thong song Tién va song Hau) nhung phu sa
dugc truyén di rat hop 1y tir thuong luu vé téi ha
luu va dugc thoat ra khoi mién tinh, ma khong
t6n dong trong mién. N6 cho thay co sy trao ddi
t6t voi bén ngoai mién tinh khi nudc chay ra.

5. Két luan

Viéc ap dung phuong phap duong dac trung
trong xac dinh ndng d6 phu sa trén bién long khi
dong chay ra khoi mién tinh duogc cac tac gia ap
dung dé tinh toan phu sa bién mdt cach hi¢u qua,
gitip chuong trinh tinh toan dugc thyc hién dé
dang va nhanh gon hon. M6 hinh HYDIST da
duogc kiém tra kha tot voi cac bai téan giai ly
thuyét va trong phong thi nghiém, ciing nhu ap
dung tinh toan thyuc té trén cac doan song, két
qua ciing chi ra dugc tinh kha thi cia moé hinh
trong ap dung tinh toan thity lyc, chuyén tai hai
chiéu trén cac doan séng khac.

Loi cam on: Nghién ciru ndy dwoc tdi tro boi dé tai md s6: NDT.28.KR/17 trong khuén khé thuc
nhiém vu khoa hoc va cong nghé theo Nghi Pinh thw. Nhom tac gia chan thanh cam on su hé tro

nay.
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HYDIST MODEL AND THE APPROACH OF SOLVING SEDIMENT
CONCENTRATION AT OPEN BOUNDARIES
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Huynh Cong Hoai', Nguyen Ky Phung*
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Abstract: This paper presents a method that solves the sediment concentration at the open bound-
aries when the flow direction from the computational domain to open boundaries in a two-dimen-
sional area - characteristic curves method. It combines alternatingly the hydraulic and sediment
transport modules. All of these features are built and available in HYDIST model and applied for cal-
culation in a branch of Tien River passing Tan Chau Town, An Giang Province. The results showed
the effectiveness of the method, the results of spreading sediment from upstream of Tien river, Tan
Chau town were transferred out of the computational area. Although the study is limited, with this
treatment the sediments in the area are exchanged well with the outside area and flow out into the
domain, without necessarily extending the domain. The results showed the feasibility of boundary
processing by the characteristic curves method in the application of sediment transport in the river,
especially when the segment is relatively limited.

Keywords: 2-D Sediment transport module, processing the open boundaries, characteristic
curves method, hydraulics.
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